Abstract. Effects of different years of Polyacrylamide (PAM) application on oat growth, soil microbial biomass and moisture content in semi-arid regions were studied through a field experiment from 2011 to 2015. The experiment consisted of total of 5 treatments and a control. These were: Conventional tillage (CK), (1) M1: PAM 2011, (2) M2: PAM 2011 and 2012, (3) M3: PAM 2011 , 2012 , (4) M4: PAM 2011 , 2012 , (4) M5: PAM 2011 , 2012 2015 and 2015 . The results showed that with increasing PAM and the time interval, the oat seedling soil moisture content (SMC), microbial biomass carbon (SMBC), microbial biomass nitrogen (SMBN), and microbial biomass phosphorus (SMBP) had a rising trend. Compared with the control, the treatments administered continuously for five years; SMC of 0-60 cm soil layer was affected the mostly. Differences of test groups decreased with the increase of soil layer. At a depth of 0-60 cm soil, soil moisture increased by 25.91-78.51% in M5. SMBC increased by 21.39-69.49% in M4, SMBN increased by 34.58-139.02% in M5 and SMBP increased by 44.58-83.38% in M5. Meanwhile, aboveground fresh weight increased by 196.67-232.88% in M5 as well as dry weight increased by 182.05-224.23% in M5, respectively after stable emergence. The effects of applying PAM on micro ecological with differences time interval have an effect on soil microbial life, the results point out the following superiority order: 5 years>4 years>3 years>2 years >1 year. However, there was significant improvement observed in plowing layer, with continuous application of PAM at 0-20 cm depth, SMC has significant positive correlations with fresh biomass and all three SMB variables. We recommend application of PAM could improve soil moisture content and then influence microbial biomass and further plant growth; M5 treatment which is more suitable for the rainfed farmland. Farmers can be recommended to use PAM to improve soil qualities and crop production in loess hilly-gully region of China.
Introduction
The Loess Plateau is one of the areas in the world suffering conflicts between the productivity demand and limited soil fertility and water resources [1] , which severely limits the rapid development of agricultural productivity. Moisture holding materials (MHMS) which are polymers with a super-high capacity for water absorption and water retention can improve soil water holding capacity and stabilize soil structure, thus decreasing soil degradation or soils susceptible to erosion and leaching of sand dunes as well as water use, soil nutrient loss, and soil erosion in furrow-irrigated fields [2] [3] [4] . Mixing MHMS with soil will retain large quantities of water and nutrients [5] , which are released upon requirements of plants. Therefore, they have been widely applied in agricultural water saving and ecological recovery and could improve the environment for plant growth under limited water supply [6] . Soil microorganisms involve in material cycles and energy transformation under different land uses [7] . As a cyclic soil nutrient base, they facilitate decomposition of soil organic matter, formation of humus and transformation and cycling of soil nutrients, thus known as an important nutrient source for plant growth. Therefore, dates are still needed loess hilly-gully areas of China, water and soil qualities, are the most limiting resource for improving agricultural production, and soil moisture content may become a confounding factor in assessing the impact of microbial biomass in soils [8] .
Most of existing researches on MHMS focus on its indoor short-term effect on crops growth and the surface soil physicochemical properties, and little about biological properties of farmland. For example, soils with swelling MHMS can retain large amounts of water [9] . Besides, the greenhouse experimental results of Chinese cabbage confirmed that the use of MHMS would increase microbial biomass C, water content and organic matters in soils, which are conducive for Chinese cabbage growth [10] . Another research reported a significant effect on total dry matter and crop growth rate of soybean with the MHMS under drought stress condition [11] . In deep ploughing soils in USA southeastern coastal plain, MHMS was added into sandy coastal plain soils to improve physical properties and crop yield [12] . MHMS also enhanced seed germination and emergence [13] and reduced irrigation of plants [14, 15] . However, there's inadequate related data and further researches on evaluating effects of PAM use on long-term accumulation of microbial biomass C, N and P in different depth of soil layers is helpful.
In this paper, a 5-year locating experiment focusing on 0-100 cm soil layer in oat fields and oat plant was carried out to explore the influencing law of soil microbial biomass on PAM. Research results can provide theoretical basis and scientific references for optimizing soil microflora and improving soil quality and promoting crop growth in semi-arid regions.
Materials and Methods

Sites Description
The experimental field was located in Yijianfang village (111°39′E, 39°57′N) of Qingshuihe County, Hohhot, Inner Mongolia, China. It is a typical loess hilly-gully region, where hilly mountain accounts for more than 90%. The average elevation of mountains is 1373.6 m. The mean annual temperature is 7.1℃ and the accumulated temperature ≥10 ℃ is 2 370.2 ℃. The frost-free period is about 140 d and the annual sunshine hours are about 2 914 h. The average windy days (the instantaneous speed is 17 m s -1 ) reach 19 d. The total annual solar radiant is about 570.6 kJ cm -2 . During crop growth period, the average annual evaporation is 2 577 mm and the annual rainfall is about 365 mm, mainly concentrating in July. Table 1 shows monthly rainfall and at the experimental site over the four-year study. Although there was a difference in rainfall distribution over the growing season, oat growing period 2011 received 193. The study area is a semi-arid region of mid-temperate zone with continental monsoon climate. Five years (2011,2012,2013,2014 and 2015) Experimental design was presented Table 1 . This experiment was a randomized complete block (RCB) factorial design with three replications. Each treatment occupied a plot area of 4 m×5 m. Seeds of oat were sown at the beginning of May and harvested in the middle of September for five trials (2011, 2012, 2013, 2014 and 2015) . Row spacing was 25 cm, seeding depth was 3-5 cm, and the planting density was 3,750,000 plants per hectare. PAM was spread in the surface of land equably, and then incorporated into the soil by cultivating. Field management throughout the growth period was consistent with the local farmers. DAP (150 kg hm -2 ) and urea (75 kg hm -2 ) were applied as base fertilizer at planting, and urea (150 kg hm -2 ) was applied as topdressing at the crop jointing stage.
Field and Laboratory Measurements
Fresh and dry weight: 10 oat plants which were collected randomly from every experiment field plot at 5d, 10d, and 20d after stable emergence. Fresh weight was weighed. Next, they were put in an oven with temperature kept at 105 。 C for 30 minutes and then dried under 85 。 C until reaching the constant weight.
Soil moisture content-Samples were was measured periodically based on the depth and time variation by using the gravimetric method. Soil samples at 0-10, 10-20, 20-40, 40-60, 60-80, and 80-100 cm layers were collected manually in the growth period after sowing by a soil auger. Samples were packed in aluminum boxes and oven-dried at 105 ℃ until getting the constant weight.
Soil microbial biomass-Loessal soil samples at 0-10, 10-20, 20-40 and 40-60 cm soil layers were collected using core samplers on June 15 th , 2011 June 15 th , , 2012 June 15 th , , 2013 June 15 th , , 2014 June 15 th , and 2015 . Firstly, three soil cores were collected in each plot from randomly selected locations, which were mixed evenly as the composite sample for each layer. Secondly, soil samples were kept in ice boxes immediately and then stored in a refrigerator in laboratory. Thirdly, some fresh samples were homogenized and sieved (<2-mm mesh) in sealed plastic bucket. Finally, one cup of water (40mL) was added to keep 100% relative humidity in the plastic bucket, and another cup of 1mol L -1 NaOH (40mL) was added to absorb released CO 2 . All samples were pre-cultured for 10 days under 25 °C in the darkness before microbial biomass measurement. Microbial biomass was calculated according to the following equation:
(1) SMB-C(mg kg -1 ): SMBC = E C /k EC , where E C =[TOC from fumigation-extraction (FE) -capacity analysis] minus [TOC from non-fumigation extraction(non-FE) -capacity analysis], k EC =0.38. [16, 17] (2) SMB-N(mg kg -1 ): SMBN=mEmin-N, where Emin-N=(samples values from FE -indene three ketone colorimetric method) minus (samples values from non-FE -indene three ketone colorimetric method), m=5.00 [18, 19] .
(3) SMB-P(mg kg -1 ): SMBP=E Pt /k p , where E Pt =(samples values from FE determination of total phosphorus method) minus (samples values from non-FE determination of total phosphorus method), k p = 0.40 [20] .
Statistical Analyses
All experimental data were processed by Microsoft Excel 2003. An analysis of variance (ANOVA) was performed using SAS Ver. 9.0 software. Tests of significant use the least significant difference (LSD) at P ≤ 0.05. Pearson's correlation, Redundancy analysis (RDA) and the multivariate direct gradient analysis method based on the software R (R Core Development Team, R Foundation for Statistical Computing, Vienna, Austria) have been widely used in ecology to elucidate the relationships among soil microbial parameters, soil moisture content and plant characteristics.
Results
Effect of PAM on Soil Moisture Content
Soil moisture content (SMC) increased to different extents after the use of PAM at 0-100 cm soil layer 
Effect of PAM on Soil Microbial Biomass C
It can be seen from Figure 3 that PAM increased soil microbial biomass carbon (SMBC) significantly. Compared to SMBC of CK, SMBC of all PAM treatments at 0-60 cm depth increased by 1.30%-62.27% in 2014 (Fig. 3D) , 0.49%-69.49% in 2015 (Fig. 3E ), but only 2.29%-16.67% in 2011 (Fig. 3A ), 1.59%-16.75% in 2012 (Fig. 3B ) and 1.69%-21.06% in 2013 (Fig. 3C) . To sum up, PAM use achieved the best effect in the year and M1 had no significant difference with CK at the fifth year.
Effect of PAM on Soil Microbial Biomass N
Significant difference of soil microbial biomass nitrogen (SMBN) was observed between CK and PAM treatments (Fig. 4) . PAM treatments presented higher SMBN than CK: M1>CK in 2011 (Fig.  4A ), M2>M1>CK in 2012 (Fig. 4B ), M3>M2>M1>CK in 2013 (Fig. 4C ), M4>M3>M2>M1> CK in 2014 (Fig. 4D) , and M5>M4>M3>M2>M1> CK in 2015 (Fig. 4E ). This reflects that SMBN increased the mostly in the year of PAM use and SMBN of M1 at the fifth year still had significant differences with control (P<0.05). It is interesting that SMBN of PAM treatments except the CK in 2011-2015 were 10-20 cm> 0-10 cm> 20-40 cm> 40-60 cm (Fig. 4) . 
Effect of PAM on Soil Microbial
Effects of PAM on Fresh and Dry Weight above-Ground of Oat
Changes of above-ground fresh and dry weight after stable emergence in 2011-2015 are shown in The data are expressed as the means±SD(n=3). Values within a column followed by different lowercase letters indicate significant difference at p = 0.05.
Correlation Analysis of Soil Microbial Biomass and Soil Moisture Content and FRESH Weight and Rainfall
Pearson's correlation (Fig. 6) showed correlations of SMC, SMBC, SMBN and SMBP in different soil layer as well as fresh biomass (FW) at days of 5, 10 and 20 ( Fig. 6) . At 0-10 cm soil layer, SMC has significant (P<0.0001) positive correlations with FW and significant (P<0.05) positive correlations with all three SMB variables (Fig. 6A) . At 10-20 cm and 20-40 cm soil layer, FW, SMBC, SMBN and SMBP were all positively and significantly correlated with SMC (P<0.0001) (Fig. 6B and C) , especially at 10-20 cm. At 40-60 cm soil layer, no significant correlation between SMC and FW was found. SMC had no significant correlation with SMBC, N and P at the 95% level (Fig. 6D) . According to the ordination space partitioning method, RF was the main influencing factor of SMC (Fig. 6 ). The colored solid circles represent the significant correlation (P < 0.05) (SMC, soil moisture content; SMBC, soil microbial biomass carbon; SMBN, soil microbial biomass nitrogen; SMBP soil microbial biomass phosphorus; FW5, fresh biomass at 5d after stable emergence; FW10, fresh biomass at 10d after stable emergence; FW20, fresh biomass at 20d after stable emergence; RF, rainfall). The same as below.
Discussion
In this experiment, PAM use influenced the 0-20 cm soil layers more than the 20-100 cm soil layers (2011) (2012) (2013) . Compared to the 60-100 cm soil layers, PAM use affected the 0-60 cm soil layers more (2013) (2014) (2015) . Similar results have been reported under both field and laboratory conditions [11, 21] . Applications of MHMS could conserve different amounts of water, thus increasing the soil capacity for water storage and ensuring more available water [4] . For 60-100cm soil layers, the effect of PAM was instable. No significant difference of PAM treatments was observed, which was related with soil type, application methods and application depth. This revealed that PAM could inhibit the loss of water, improve soil water environment, influence soil water storage and preservation, and release water slowly for root absorption and crop growth. Nevertheless, effect of PAM in extreme drought (2011) and rainstorm (2013) was less distinct than those in normal years (2012, 2014 and 2015) . Climate, soil, fertilization and crop planting mode might affect microbial biomass [8, [22] [23] [24] . According to previous studies, soil chemical characteristics, like SMC, may also constrain microbial growth [25] . Variations of SMC with soil depth can be reflected in microbial communities [25] [26] [27] . In this paper, it found that the simulated effects of PAM on microbial biomass C, N and P might be related to the direct effects of PAM itself. It converted to other beneficial substance to microbial growth in the soil. Besides, it improved the physical and chemical properties of soil in favor of microorganism growth.
In this paper, SMBN was higher after adding PAM, especially in 10-20 cm soil layer. With the increase of soil depth, SMBN of PAM treatments increased firstly and then declined substantially, while SMBN of CK decreased continuously. This means that the topsoil (0-10 cm) was influenced more than the stable layer (10-20 cm). Although SMBN of the plough soil (20-40 cm) and subsoil layer (40-60 cm) increased, the increase decreased successively. It implied that PAM was microbial nitrogen source in main soil layer of oat root system. Based on research results, adding PAM could increase SMBC and SMBP in 0-60 cm, improving soil organic matter to some extents [28, 29] . Particularly, major growth of SMBC and SMBP were in the 0-10 cm and 20-40 cm soil layers, showing alternative impact. Within the biosphere, most of the phosphorus is one-way flow rather than loops, so phosphate resources become a kind of non-renewable resources [30] . However, soil microbial biomass P refers to P in all living microorganisms in the soil and accounts for 1.4%-4.7% of microbiological dry mass. SMBP which has quick conversion is an important source of available P. Therefore, PAM plays a crucial role in promoting soil microbial biomass P sources and biogeochemical cycle of phosphorus [31, 32] .
Except for SAP, biomass accumulation of crop increased significantly. [33, 34] , indicating that water-retaining material can keep soil moisture in the case of drought to provide more available water for the crop biomass accumulation [35, 36] . Similar trends were observed in this paper. Firstly, PAM treatments, especially M5, had higher FW and DW at 5d, 10d and 20d after stable emergence compared to those of CK, Such improvements of different PAM treatments became different increasingly as the stable emergence goes on: 20d>10d>5d in 2011-2015. Moreover, improvements in different years were quite different: 2011<2012>2013<2014<2015. One the one hand, this might indicate that PAM reduced after a few years through decomposition, penetration into deep soils along with rainfall erosion and weakening functions after repeated expansion and contraction. However, soils with PAM were still better than CK, which might illuminate that capacities of PAM were slightly changed even after a series frozen-thaw processes and gel strength or molecular hydrogel structures were not destroyed under high temperatures [37] . This further confirmed the great potential applications of PAM. One the other hand, water absorption and release of PAM are limited by moisture content to a certain extent (rainfall in 4 and 5 months in 2013 was only 28.9 mm, less than that in 2012 (44.6 mm)).
Unfortunately, we cannot determine the change of soil microbial biomass from this data. However, these problems could be solved if we consider the long-term and accumulation effect of PAM on soil microbial community diversity, and develop a more complete understanding of the long-term and accumulation effect of soil microbial biomass.
Conclusions
For years use of PAM is conducive to oat growth. SMBC, SMBN, SMBP and SMC all increase. The least improvement was achieved in 2011 and the highest improvement was in the dry period in 2015: M5>M4>M3>M2>M1>CK. Our results are gained from a rainfed sandy soil in a semi-arid Region of oat field, where had water shortage for both plant growth and soil. On the one hand, water absorbed by PAM is released slowly for crop growth under the effect of osmotic pressure, preventing water loss and invalid evaporation effectively and achieving the goal of drought-resistance and soil moisture conservation. This provides favorable conditions for crop growth. On the other hand, accumulated soil microbial biomass C, N and P by PAM provide nutrition for crop growth.
